Because of the relative ease of working with oils they were studied first to determine the relationship of uranium to them and the manner by which uranium is retained "by them* CRUDE OILS, EXEERIME1STAL ABB ANALYTICAL DATA Samples for this study were collected from four operating uranium mines in the Temple Mountain area (table 1)* One sample was an oilimpregnated sandstone exposed during mining operations. The other samples were collected from seeps by scraping the oils from mine walls or by chipping portions of the rock through which they were flowing " The viscosity of these oils varied greatly, the most viscous having a taffylike consistency*
In the laboratory each oil was first dissolved in benzene to free it from mineral matter " Multiple filtrations of the benzene solution were carried out to make certain that suspended mineral matter was removed from the oil. Benzene was removed from the filtered oils by distillation at room temperature and then "by freeze-drying* Small samples (approximately 5 g) of the oils were redissolved in 25 to 30 ml of benzene and pure pentane was added to the solutions in the ratio of ko volumes of pentane per volume of were thoroughly washed with pentane* The filtrate and washings from the asphaltenes were mixed and diluted with pentane to assure complete precipitation of asphaltenes from the oil.
The asphaltenes were vacuum dried for two hours at room temperature and then analyzed for carbon and hydrogen by standard microcombustion techniques» Ash from each analysis was weighed and analyzed for uranium (Grimaldi et al., 195^) •> Nitrogen and sulfur were determined by combustion analysis. Analytical data for the asphaltenes are shown in table 2. Table 5 summarizes data showing the distribution of uranium in the oils.
OILS AS TRANSPORTING AGENTS FOR URANIUM
The •uranium content of crude oils from nonuraniferous provinces is known to be low. Unkovskaya (19^0) has reported from 0»0001 to 0.001 ppm of uranium in naphthenic 'base oils from Russia and,, although these results may be low, an increase by one or even by two orders of magnitude will not make Yariations of from ^5 to 310 ppm of uranium in the three oils collected from seeps probably reflect the migratory history of each oil. The uranium content of the oil extracted from impregnated sandstone from the AEC No* k mine is somewhat lower than might be anticipated considering the proximity of the oil to the uranium* Here the oil-impregnated sandstone occurs below the ore horizon, and the uranium in the oil (0*^5 ppm) may represent only that which came into contact with it through a medium such as ground water.
It is possible that the oil in this sandstone was already in place before the introduction of the uranium in the region and has remained static. If this is so, then oil in this sandstone might represent oil that originally migrated into the Temple Mountain area before the introduction of uranium into the region» Oil collected from seeps would then represent the same oil that had migrated by various paths within the area following introduction of the uranium.
Asphaltenes from crude oils range in sulfur content from 0 to as much as 11 percent ' (Sachanen, 19*4-5j Mariani, 1951) ; the asphaltenes isolated from the oils that have been studied in this work contain from 5»1 to 6.3 percent sulfur. This narrow range of variation in sulfur contents suggests that these oils are from the same source.
In the oils that have been studied, 63.il-to 82.6 percent of the uranium is retained in the asphaltenes,, Infrared studies of the asphaltenes indicate the existence of functional oxygen-containing groups which may be responsible for the retention of the uranium «> From these results, it is suggested that reconnaissance for uranium might be carried out in uraniferous provinces, such as the Colorado Plateau, by analyzing oils that may occur* Oils found to contain appreciable percentages of uranium might then be used as guides to uranium ore, A fee tor that must be considered is the unknown migratory course a crude oil say take* 'Use of an oil as an ore guide would, therefore, be based on the assumption of very limited movement of the oil or other geologic evidence that would indicate the course of migration.
CARBONACEOUS SAHBSTOKE, EXPERIMENTAL AND ANALYTICAL DATA
The ore-grade sample of carbonaceous sandstone used in this study was Because of the difficulty in performing accurate organic microanalyses on a sample containing 73 percent ash (table 4) , it was first necessary to concentrate the organic material. This separation was accomplished by using a technique (Deul, unpublished work) developed during studies of carbonaceous shales, namely, by ball-mill grinding with a mixture of kerosene and water.
Under these conditions organic substances concentrate in the kerosene phase.
As shown in table 4, an organic separate containing only 18*01 percent ash was isolated from the carbonaceous sandstone. Each separate was analyzed for ash, carbon, hydrogen, and uranium. Semiquantitative spectrographic analyses of the ashes obtained from the samples are given in table 5- Table 6 lists sensitivities for the elements determined by the spectrographic technique. regard to the association of uranium with crude oil, it -was necessary to establish the composition and structure of these carbonaceous materials and their relationship to the oils.
From autoradiographic studies (Stieff and Stern, 1952) to investigate the relationship of uranium to the mineral and organic constituents of the sandstone the following observations were made:
1) There is no concentration of alpha-particle tracks at boundaries between the carbonaceous mterial and mineral fragments indicating that uranium is not present in the ore as a coating on the mineral grains" 2) Alpha-particle tracks are dispersed throughout the carbonaceous material with some areas containing greater or lesser concentrations of tracks. Recalculation to a moisture-and ash-free "basis of the composition of the organic matter isolated by "ball-mill grinding shows that the organic matter contains 76«5 percent carbon, ^.9 percent hydrogen, and, by difference, 18,6 percent oxygen, nitrogen, and sulfur. This composition is indistinguishable from that of lignite and suggests that the organic impregnation in the sandstone is derived from a low=rank coal.
The data of table 5 show that the organic separate from the carbonaceous sandstone, as compared to the mineral separate, has been enriched in uranium, arsenic, tin, copper, and beryllium. The same elements are also enriched in the ashes of organic separates from coal as compared to ash of minerals separated from coal (Deul, 1955 )-The organic separate from the sandstone contains a higher percentage of uranium than does the mineral separate, but both are lower in uranium content than the original sandstone ore* Vacuum differential thermal analysis (Whitehead and Breger, 1950) provides further evidence that the impregnating organic material is related to i. coal. Carbonaceous material separated from the sandstone gives a decomposition curve similar to those obtained for low-rank coals (fig, l) but different from those for such substances as gilsonite, wurtzilitey etc, (fig* 2)« As can be seen from figure 1, the shape of the exothermic curves for carbonaceous material from the pellet and from the ore are similar to the shape of the curve for coals between 300° and 500° C (Breger and Whitehead, 1951) . The small exothermic peaks at 300° C are superimposed on the general curve and are of unknown origin. The small endothermic peak on the curve for-the carbonaceous Pellets for this study were collected at three sites: The Rex X?o« 2 mine, the AEG lo. k mine, and the AEG No. 8 mine, all in the Temple Mountain region, Emery County, Utah. Because many of the pellets were extremely small and weighed less than 100 mg each, detailed work on individual pellets has "been limited.
• Six pellets from a suite collected in the AEC Ho* k mine -were selected on the "basis of their specific gravities, -which ranged from 1.29 to 1*56 0 One pellet from the AEC Ho« 8 mine was chosen "because of its rather large size and its relatively high specific gravity. The specific gravity of the pellet from the Rex No* 2 mine was determined to be lojS + 0«Q2 a Analyses of these pellets are given in table 7-Spectrographic analysis of ash (6.9^-percent) from the pellet from the Rex No* 2 mine is shown in table 8*
ORIGIM OF CARBONACEOUS PELLETS
The origin of carbonaceous pellets occurring in the Temple Mountain region has been a subject for speculation for some time, Abraham states, "The asphaltite is characterized by the fact that it carries uranium been and vanadium, which are assumed to have/incorporated in it during its migration from the underlying strata, thereby hardening the asphaltite and 'fixing 1 it in the present associated rocks."
With obvious exceptions, examination of the data of table 7 reveals certain trends: 1) ash rises with specific gravity °f 2) carbon and hydrogen both decrease with specific gravity 5 and 5) the total of oxygen, nitrogen, and sulfur rises regularly with specific gravity* There does not appear to be any specific relationship between uranium and any of the other components or properties of the pellets, In figure 3 data have been plotted for a number of carbonaceous pellets and other substances collected from the Colorado Plateau,, Represented are analyses of pellets (table 7)> analysis of the carbonaceous material isolated from the carbonaceous sandstone (table 4) , analysis of vi train (table 11), Moisture-and ash-free basis. Carbonaceous material from sandstone ore (table k) Carbonaceous pellets (table 7) Vitrain from Rex lo a 1 mine ( Although uranium-bearing carbonacepus shales are quantitatively unimportant on the Colorado Plateau, a shale from the Zuni uplift area of lew Mexico was studied to determine the relationship of the uranium to the carbonaceous material. The section of the Dakota sandstone containing the carbonaceous shale was deposited marginal to the sea. In contrast to marine shales, these stream and lagunal sediments are essentially terrestrial, exhibiting braided stream deposits and paleostream channels (Mirsky, 1955 )* Shale for this study was collected by T. W. Stern. Mineral and organic fractions were separated and concentrated by the ball-mill technique that has already been mentioned. Table 9 gives the analytical data for carbon, hydrogen, ash, and uranium for the original shale and for the separates. The results of the spectro- The shale from the Dakota sandstone yielded a mineral fraction which contained only about 1 percent organic matter, whereas the organic concentrate showed a fourfold enrichment of carbonaceous material (table 9)« ^?ke direct association of uranium with organic material is shown in the analyses for uranium where the organic concentrate has a fourfold enrichment of uranium over that in the original sample and an eightyfold enrichment of uranium over that in the mineral concentrate * It is not at all unlikely that most of the uranium in the mineral fraction is associated with organic matter remaining with the mineral matter " Spectrographic analyses of the fractions (table 10) show that the organic concentrate, with respect to the original shale, is enriched in uranium, cerium, tin, copper, manganese, silver, and ytterbium. In addition, the organic concentrate, as compared with tfre mineral separate, is enriched in lanthanum, cobalt, lead, and calcium* With the exceptions of calcium and silver, it has been shown that the minor and trace elements concentrated in the organic fraction are similar to the elements concentrated in organic separates from coal (Deul, 1955) .
The analysis of this sample for carbon and hydrogen, when calculated on an ash-free basis (carbon, 69.5 percent; hydrogen, 4.3 percent), shows that, although too low in carbon content to fall on the coal curve as plotted in figure 3 , the composition of the material is in the proper range for a lignite, The data, when considered in the light of the geologic interpretation for this deposit as given by Mirsky (1953) » provide strong evidence that the uranium in the shale is associated with carbonaceous material similar to coal in composition* COALIFIED WOOD, EXPERIMEKTAL AND ANALYTICAL DATA The association of uranium with coalified wood on the Colorado Plateau is universally recognized. Extensive studies conducted on uraniferous coals from other regions (Breger, Deul, and Rubinstein, 1955) Table 12 gives the semiquantitative spectrographic analysis of the ash from the vltrain. The radioactivity of fusain in contact with the vitrain is extremely Examination of the analytical data shows that where vitrain is in contact with fusain, the vitrain contains the uranium, Fusain--mineral charcoal--is chemically inert and would not, therefore, be expected to contain figure 3 , none of the points fall within the normal coal range as defined on the graph« This coal range is based on analyses of coals composed of vitrain, fusain, and other coal ingredients "
Vitrain normally contains more hydrogen tlaan do other major coal ingredients, 2) The carbonaceous material associated with the sandstone ore is apparently derived from plant material that has been coalified, or from the low-rank coals of the region. It is possible that uranium-and vanadium- 
